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(57) Abstract: There is disclosed a method for selectively binding micromolecules having a lysine functionality comprising the 
steps of: providing a sample containing one or more species of macromolecules, each having a lysine functionality; providing a 
binding reagent having the formula X-NH-C(=NH)-OR or X-L-NH-C(=NH)-OR where X is an afifinity label that selectively binds 
to a capture reagent, R is a residue group, and L is a linker moiety; introducing the binding reagent to the sample so as to effect a 
guanidination reaction between the binding reagent and said one or more species of macromolecules, thereby producing one or more 
affinity label containing homoarginine derivatives; optionally modifying the affinity label containing homoaiginine derivatives to 
produce further affinity label containing homoarginine derivatives; and capturing affinity label containing homoarginine derivatives 
using the capture reagent that selectively binds X. 
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SELECTIYE BINDING AND ANALYSTS OFM A CROMnT TCrTT7 piff 

This inveQti<m relates to selective binding and analysis of macromolea^^^ 
with particular, but by means exclusive, reference to quantitative analysis of proteins or 
protein function in complex mixtures. 

Since the completion of flie first eukaiiote Saccharomyces cerevisiae-, 
genomic sequence databases of entire organisms have become easily available. So far, the 
enonnous collection of data has been inostiy utiUsed to fecihtate tiie identification of the 
proteins e;q)ressed in the cell The entire repertoire of protems synthetised in a cell is also 
known as proteome. 

In a typical proteomics experiment, isolation of the proteins ftom tiie rest of 
cen extiact is foUowed by fractionation of tiie proteome so that less complex protein 
mixtores may be obtained using two dimensional gel electrophoresis (2D-GE) and/or 
chromatographic methods. Thereafter, the resulting protein mixtures are digested using 
a proteolytic enzyme (trypsm). generating peptide mixtures which are subsequent^ 
analysedby mass spectrometry. Protein characterisation reKes on the use of soft ionisation 
techniques such as matrix assisted laser desoiption ionisation (MALDI) mass spectrometiy 
(MS) and electrospray ionisation mass spectrometry (ESI-MS). 

From die genomic sequences it is possfele to generate all theoretical laoteins 
expressed at any time (virtual proteome). However, mass spectrometric analysis (either 
using peptide mass fingerprinting (PMF) or usmg tandem mass spectrometry in 
conjunction with collision induced dissociation (CID)) reveals which gene products are 
actiially being syntiiesised by a ceU imder a given set of physiological conditions (real 
proteome). Crucial to the functional analysis of biological systems is tiie abihty to quantify 
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alterations in protein abundance resulting from internal or external perturbations of the 
ceU. In recent years, many efforts have been devoted to devel*^ chemical strategies for 
relative quantitative analysis of proteins in complex mixtures. 

The common strategy involves derivatisation of each set of proteins/^tides 
with isotopic variants of the same chemical reagent/labeL TTie samples are then combined 
anddifferentiatedusingmassspectrometryafterpurification. Tins ^proach is based upon 
the assumption lhat the two sets of isotopically labelled peptides behave identically 
throughout sample manipulation and mass spectrometric analysis. Oda et a! introduced 
isotopic labeUing during cell growth by aUowing one cell state to grow in '^N media and 
anoflier in nitrogen (Oda Y. Nagasu T. Chait BT ^at Biotechnol 2001 Apr; 19(4):379. 
82). Comparison between the ion intensities of the peptide incorporating both isotopic 
variants allows relative quantification between two ceD states. The approach is expensive 
and is not ^licable to those types of proteins deriving from cells where introduction of 
isotopic label is difficult In addition, the mass difference between peptide ion signals 
causes variations in the level of incorporation due to peptide composition. Such 
methods require an initial protein identification step prior to the quantification. 

^ ^°^«ce»tly. an alternative strategybasedonihe selective incorporation of 

isotopically label amino acids has been proposed. Martinovic et al (S Martinovic, TD 
Veenstra, GA Anderson, L Pasa-Tolic and RD Smith, J. Mass Speclrom. 2002 37:99-1 07) 
described a method in which proteins were extracted firom organisms grown in a mit,im«i 
medium or a minimal medium to which isotopically labelled leucine (Leu Di^) was added 
The two protein extracts were mixed and analysed by c^illary isoelectric focusing (CEEF) 
coupled with Fourier transform ion cyclotron resonance mass spectrometry (FHCR). The 
incorporation of the isotopicaUy labelled species shows no effect on the CIEF separation 
efficiency of the protems and both isotopicaUy labelled and unlabelled versions of a 
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spedfic protein are observed in the same spectrum. The difference in the mass shift 
between the labeUed and unlabeUed is utilised to detennine fiie nmnber of Leu residues 
present in a particular protein. A drawback associated with the technique is the high cost 
of the instrumentation. Pratt and collaborators (JM Pratt. DHL Robertson, SJ Gaskell, I 
Riba-Garcia, SJ Hubbard, K Si(fiiu, SG Oliver, P Butler, A Hayes, J Petty. R Beynon 
proteomics 2O02. 2. 157-163) have reported the use of selective incorporation of leucini 
in conjunction xvith proteolytic digestion and MALDI analysis. In this ^ach, the utiUty 
of leucine labelling is reported as means of enhancing confidence in protein identification 
in peptide mass fingerprinting (PMF). Because leucine is an abundant amino acid in many 
genomes.mostpeptideswil]containatleastoneleucineresidue. Labelling in vivo with 
Ae two versions of Leu in each digest fiagment renders possible identification of the exact 
number of amino acid residues within the molecule. The «dra information can be 
«5.1oited during an identification process which is conducted using a database searching 
engme to reduce the search space. In principle the method is amenable to quantification. 

However, regardless of its sensitivity and its selectivity, mass spectrometry 
is still unable to cope with matures containing peptides derived fiom several proteins. 
The presence of many conq>onents generates chemical noise which is detrimental to 
detection of those ions whose chemical features are relatively poorly suited to the 
iomsationmeflioden5,loyed. Prefiactionation is qjplied in order to resolve a mixture into 
its components. Of chromatographic techniques, biotin-avidin affinity capture-release 
based methods foUowed by liquid chromatography are highly appealing due to the 
possibihty of obviating the use of gel electrophoresis (which is known to be unsuitable m 
the analysis of low abundanceproteins). Ofparticular relevance to the presait application 
is the isotope coded afBnity tag (ICAT) technique, m this ^proach. proteins extracted 
from cells can be labelled, separated and quantified (Gygi SP. Rist B, Gerber S A, Turecek 
F, Gelb MH. Aebersold R, Nat Biotechnol 1999 Oct;17(10):994-9 and Intemational 
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Publication WO 00/11208. the contents of both of which are hereby incorporated by 
reference). 

The label is conqwsed of Ihree parts: firstly, an afBnily tag (typicaUy biotin), 
which is utilised to isolate ICATlabeUedpeptides; secondly, a linker incorporating stable 
isotopes; and thirdly a reactive group with specificity towards thiol groups. The biotin 
group is selectively recognised during the afBnity extract step by an avidin moiety attached 
to a chromatographic column. 

The linker moiety typicaUy contains either eight hydrogens (light) or 
deuteriums (heavy), and provides for relative quantification. The reactive group having 
specificity towards thiol groups enables the label to react with cysteine residues. The 
overall protocol invohres deiivatisation of all proteins present followed by digestion of the 
entiresetanda£5mtyextractionpiiQr1otaademmassq)ecliometi^ Conqsarison 
of the precursor ions of fee two isotopicaDy labelled ion species enables the relative 
abmidance of one ion against another to be determined. In a similar approach. Qui and 
coworkers described a new class of chemicaUy modified resins - termed AUCB - in which 
a nonbiological polymer with an acid-labile anchor groiq) replaces die biotin moiety (Y. 
Qui, E. A. Sousa. R.M. Hewick, and JJEL Wang. Acid-labile isotope-coded exlractants: 
a class of reagents for quantitative mass spectrometric analysis of conq)lex protein 
mixtures I . Anal. Chem. 74 (19):4969 - 4979, 2002). 

However, there are a number of problems and disadvantages associated with 
the above described ICAT technique. Firstly, the abundance of cysteine amino acid 
residues in proteins is relatively low. Secondly, the reactivity of the thiol q>ecific group 
is not high and, furthermore, side reactions can take place. Thirdly, the ionisation 
efBciency of the ICAT label is not high. The combined effect of these experimental 
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fectors, together with fectors such as solvent and electrolyte, is two-fold. Firefly, the 
sensitivity of the ICAT technique is lower than is desirable. Secondly, the ionisation 
efiBdency is not independent of the protein or peptide being labelled, thereby introducing 
a substantially unquantified variable into the quantitative analysis. 

Other methods targeting different functional groups have been recently 
reported. Goshe and coworkers presented an approach that utilises phosphoprotein 
isotope-coded affinity tags (PhlAT) (M. B. Goshe, TJP. Conrads. EJi. Panisko, N.H. 
Angell. TD. Veenstra, and RJ>. Smith. Phosphoprotein isotope-coded affinity tag 
approaches for isolating and quantitating phosphopeptides in proteome-wide analyses. 
Anal. Chem. 73 (1 1): 2578 - 2586, 2001). The strategy ooinbines stable isotope and biotin 
labening to enrich and quantitatively measure differences in the O-phosphoiylation states 
ofproteins. 

Although the isotopensoded affinity tag based strategy relies on the affinity 
chromatography step, which can be easily interfaced with an electrospray instrument, 
efforts have been made to integrate ICAT with MALDI instruments. Until the peptides are 
eluted from the microcapillary reversed-phase liquid chromatography coinmn, the 
procedure is identical to that previously described. After addition of matrix, the sample 
spots are analysed using a QqTOF mass spectrometer, by first obtaining a mass spectrum 
of the peptides in each sample spot in order to quantify the ratio of abundance of pairs of 
isotopically tagged peptides, followed by tandem mass spectrometric analysis to establish 
the correct sequence of selected peptides for protein identification (T. J. Griffith, S JP. Gygi, 
B. Rist, R. Aebersold, A. Loboda, A. Jilldne, W. Ens, and K.G. Standing. Quantitative 
proteomic analysis using a MALDI quadrupole time-of-flight mass spectrometer. Anal. 
CAcm. 73 (5); 978 - 986, 2001). 
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The present invention inter alia overcomes the above named problems and 
disadvantages associated vnih the ICAT technique* 

According to a first aspect of the invention there is provided a method for 
selectively binding macromolecules having a lysine functionality comprising the steps of: 

providing a sample containing one or more species of macromolecules, each 
having a lysine fimctionalLly; 

providing a binding reagent having the formula 



or 



X-NH.C(«NH)-OR 
X-L.NH*C(=NH)-OR 



where X is an afSnity label that selectively binds to a capture reagent, R is a residue groiq), 
and L is a linker moiety; 

introducing the binding reagent to tiie sample so as to affect a guanidination 
reaction between the binding reagent and said one or more species of macromolecules, 
thereby producing one or more afGnity containing homoarginine derivatives; 

optionally modifying the afiSnity label containing homoarginine dmvatives 
to produce further affinity label containing homoarginine derivatives; and 

capturing homoarginine derivatives using the capture reagent that selectively 

binds X. 

According to a second aspect of the invention, there is provided a method for 
analysing one or more proteins, protein functions and/or peptides in one or more samples 
comprising the steps of: 

providing a binding reagent having the forinula 
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X-NH-C(=NH)-OR 

or 

X-L.NH-C(=NH)-OR 

where X is an ajBfimty label that selectively binds to a capture reagent, R is a residue group, 
and L is a linker moiety; 

introducing the binding reagent to the one or more samples so as to effect a 
guanidination reaction between the binding reagent and proteins and/or peptides having 
a lysine functionality thereby producing one or more affinity label containing 
homoarginine derivatives; 

optionally modifying the affinity label containing homoarginine derivatives 
to produce further affinity label containing homoarginine derivatives; 

c^turing aflSnity label containing homoarguiine derivatives using the capture 
reagent that selectively binds X; 

and performing an analysis of affinity label containing homoarginine 

derivatives. 

There are a number of advantages associated with this scheme. The method 
is specific to lysine amino acid residues, which are more abundant than the cysteine amino 
acids analysed in Gygi et al, abid Unlike Gygi et al, the method is not subject to side 
reactions, since the e-amino group of the isourea moiety is more specific tiaan the 
sulphydril moiety of Gygi et al. To date, evidence about conversion of the N-terminus 
amino groups is very rare, with just a single paper reporting guanidination of fiie N- 
terminus when glycine is the N terminal amino add residue. Furthermore, in comparison 
to Gygi et al, the binding reagents of the present method provide an increase in ionisation 
efficiency. 
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The advantages are also applicable to the first aspect of the invention. 

The step of modifying ihe homoarginine derivatives may comprise converting 
proteins present into peptides. This conversion might be performed enzymatically or 
chemically. Alternatively, it is possible to analyse the direct product of the guanidination 
reaction between the binding reagent and a protein '"directly", i.e. without digestion or 
fragmentation of the protein into peptides ( top-down approach). 

The protein functions and/or peptides may be identified by the analysis of the 
ajBSnity label containing homoarginine derivatives. The analysis may comprise the step 
of comparing data generated by an analytical technique with sequence databases. 
Typically, this is performed using tandem mass spectrometry (MS/MS). It is also possible 
tip interpret data directly. 

Relative expression levels of proteins in two or more samples containing 
proteins may be detemiined in a method comprising the steps of: 

providing a series of binding reagents having the formula 

X-l^^(==NH>OR 

or 

X-L-NH.C(=NH)-OR 

where X is an afSrdty label that selectively binds to a capture reagent, R is a residue group, 
and L is a linker moiety, and wherein tiie chemical formulae of the binding reagents in the 
series are identical but each binding reagent in the series con^rises a different combination 
of isotopes so that the binding reagents in the series are isotopically labelled by way of flie 
molecular mass of each binding reagent in the series being different to the molecular 
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masses of the other binding reagents in the series; 

introducing a different binding reagent from the series to each sample so as 
to effect, in each sample, a guanidination reaction between a binding reagent and moieties 
having a lysine functionality, thereby producing a plurality of isotopically labelled, afBnity 
label containing homoarginine derivatives; 

combining the samples; . 

optionally converting proteins into peptides; 

capturing afBnity label containing homoarginine daivatives using the capture 
reagent that selectively binds X; and 

performing an analysis of affinity label containing homoarginine derivatives 
in which the relative abnndances of a subset of homoarginine derivatives which differ only 
by virtue of their isotopic labelling are measured, thereby determining the relative 
expression levels of the protein from which the subset of homoarginine derivatives 
originated. 

X can be an atom or a fimctional group, and may be attached to a solid 

support 

In general, if protems are to be converted into peptides, then proteins present 
in the affinity label containing homoarginine derivatives are converted into peptides. 
However, it is possible to convert proteins in the samples into peptides prior to treatment 
with binding reagent In other words, the step of converting proteins into peptides is 
interchangeable with other steps in the abovedescribed scheme for determining relative 
expression levels of proteins. 

In conjunction with the determination of the relative expression levels of the 
proteins, the proteins, protein functions and/or peptides may be identified by the analysis 
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of the afSnily label containing homoarginine derivatives. The analysis may comprise the 
step of comparing data generated by an analytical technique with sequence data or of 
comparing data produced from mixtures differentially derivatised* It is also possible to 
interpret data directly. 

Advantageously, analysis comprises mass spectrometric analysis. Other 
techniques, such as electron microscopy, might be contemplated. Mass spectrometric 
analysis may comprise tandem mass spectrometry. This is especially useful in conjimctioil 
with peptide/protein sequencing (denovo or database assisted), for identifying proteins, 
protein function and peptides. One stage of mass spectrometry is conveniently utilised to 
determine the relative abundances of a subset of homoargmine derivatives which diSbr 
only by virtue of fheir isotopic labelling, through comparison of ion peaks in a mass 
spectrum associated with each homoarginine derivative in the subset. 

Tandem mass spectrometry of product ions differing by a discrete and known 
value can generate product spectra whose interpretation can be obtained by comparing the 
ions present within the spectrum. The predictable difierence in noass betv^een ions can be 
utilised to identify ion series and to facilitate interpretation of data in conjunction either 
with database searching strategy or with the advice of the de*novo sequencing software. 

A binding reagent may be utilised in order to capture and isolate proteins and 
other types of molecules bearing a primary anune from a conq)lex mixture prior to 
characterisation. 

The method may further comprise the step of releasing captured afBnity label 
containing homoarginine derivatives from the capture reagent prior to the step of 
performing an analysis. The capture reagent may comprise part of a chromatographic 
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separation system wfaich separates chemically different afSnity label containing 
homoaiginine derivatives. Conveniently, Hit chroniatographic separation system utilises 
liquid cliroinatograpliy- LC-MS systems may be employed However, other methods can 
be used» such as other chromatographic separation systems, for example, gas 
chromatography. The homoarginine derivatives might be separated out m situ through 
immobilisation on a chip or another solid sur&ce or matrix, in which instance of step of 
releasing captured afGnity label containing homoarginine derivatives is not mandatory. 

Absolute quantification of the proteins and/or peptides maybe obtained. 

In the first and second aspects of the invention, R may be a moiety that is 
compatible with the guanidination reaction, R may be an dSkyl group, such as CH3, C2H5 
or C3H7. X may be an alkyl group, such as CH3. The bmding reagent may be 
CH3CONHC(=NH)OCH3. L can be an alkyl chain. 

According to a third aspect of the invention there is provided a reagent for 
selectively binding roacromolecules having a lysine functionality having the formula 

^ X-NH-C(-NH)-OR 
or ' 

X-L-NH<:(=NH).OR 

where X is an affinity label that selectively binds to a capture reagent, R is a residue groiq), 
and L is a linker moiety. Xmay bebiotin or a modified biotin, or an alkyl group such as 
CH3. R may be a moiety that is compatible with the guanidination reaction. R may be an 
alkyl group, such as CH3, C2H5 or C3H7. 
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Methods and reagents in accordance with the inventiaQ will now be described 
with reference to the accon^anying drawings in which:- 

Figure 1 shows tiie guanidination of lysine into homoarginine; 

Figure 2 shows the guanidination of a lysine containing 

macromolecule into a homoarginine derivative using a 
binding reagent; 

Figure 3 shows a scheme for quantifying dififerential protein 

expression; 

Figure 4 shows an altematlve form ofa binding reagent; 

Figure 5 shows a reaction scheme for preparing a binding 

reagent; 

Figure 6 shows a LC/ES-MS analysis of lysine tenninal standard 

peptides treated with O-methyl isourea. Selected ion 
monitoring (SIM) of four marker-ions is performed 
selecting the singly and doubly charged ions of lysine 
(K) and its corresponding homoarginine te rmina l 
peptide (K*), (a) 35 pmole of interleukin [M+2H]^ and 
[M+Hf at 503-2 and 1005-4 are indicated with 2+ and 
1+ respectively. (b) 50 pmole of AFLDASK 
and [M+Hf at 376.25 and 751.25 are 
indicated with 2+ and 1+ respectively. The arrows 
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indicate the e?qpected retention times of unmodified 
lysine containing peptides; 

Figure 7 shows a LC/ES-MS analysis of an equimolar mixture of 

interleukin (K^ 12.5pmole) with its guanidinated 
counterpart (K'^,12.5pmole) acquired in selected 
ionmonitoring. Doubly charged ion signals are 
indicated with +2 while singly charged ion signals 
correspond to +1, (b) SIM LCTES-MS analysis of a 
equimolar mixture of 20 pmole of AFLDASK with 
AFLDASK*; 

Figure 8 shows a LC/ES-MS analysis of a solution containing 

fequal amount (15 pmole) of ALFDASK, AFLDASR 
and the homoarginine terminal analogue AFLDASK* . 
The lysine terminal peptide is eluted first followed by 
the arginine temdnal counterpart SIM analysis of all 
six ions indicates that the homoarginine terminal 
peptide ions are the dominant signals in the MS 
chromatogram regardless of the charge state selected; 

Figure 9 shows an isocratic separation of a solution containing 

equal amount (31.5pmole) of A3FLDASK, AFLDASR 
and the AFLDASK'*'. The conditions employed 
correspond to "Qie concentration of mobile jphase (0.05% 
(v/v) TFA and 32.6% (vAr) acetonitrile) at which the 
peptides were eluted in gradient mode; 



wo 03/102592 ^ ^ PCT/GB03/02420 




-14- 



Figure 10 shows a series of taxget modules; 

Figure 11 shows the derivatisation of AFLDASK with target A. 

The ion signal [M+H] + at m/z 1019 corresponds to the 
mono-adduct produced by the reaction between target 
A and the lysine terminal peptide AFLDASK; 

Figure 12 shows the derivatisation of AFLDASK with l-acetyl-2- 

methyl isouraa. The ion at m/z 835.2 is the mono-adduct 
produced by coi^Kng between AMIU and the lysine 
terminal peptide; 

Figure 13 shows a PSD MALDITOF spectrum of the ion 

corresponding flie peptide derivatised with target A; 

Figure 14 shows a PSD MALDI TOF spectrum of the AFLDASK 

pq)tide derivatised with target B (AMIU); , 

Figure 15 shows a PSD MALDI TOF spectrum of Ihe AFLDASK; 

and 

Figure 16 shows a MALDI spectra of AFLDASK differentially 

labelled. 



The present invention exploits-the guanidination reaction to inter alia provide 
improvements to the technique of Gygi a/ and WO 00/11208. 
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Figure 1 depicts the guanidinatioii of tysine, typically at aroimd pH 10 or 
greater^ into homoargimne using 0-methyl isourea. Figure 2 depicts a modified scheme 
in accordance wilii the invention in which guandination of a macromolecule 1 having a 
lysine functionaUly is perfomied usiag an isourea derivative 2, producing a homoargiiune 
derivative 3. The macromolecule 1 can be, for example^ a peptide or a protein. The 
isourea derivative 2 is a binding reagent provided by the present invention in which X is 
an affinity label that selectively binds to a capture reagent X may be a moiety that can 
incorporate different isotopic variaats. It is possible to utilise an isourea derivative 2 in 
which a linker moiety L links the affinity label X to the O-methyl isourea moiety. 

In a general sense, the invention provides methods aad reagents for 
selectively binding and captoring macromolecules having a lysine functionality. Once 
bound and captured a macromolecule can be analysed by a suitable technique such as mass 
spectrometry or a spectroscopic method, hi inq>ortant embodiments the invention provides 
analytical reagents and analytical methods for the isolation, purification and identification 
of proteins and peptides in mixtures of proteins and peptides. The method employs 
binding reagents which exploit the reactivity between lysine amino groups and isourea 
derivatives to isolate, purify and determine peptides and proteins present in a mixture. 
Homoarginine derivatives are created v/bich isolate lysine containing proteins and 
peptides. 

The chemistry between a lysine side chain amino group and isourea moiety 
is well estabUshed. In the majority of cases, tiie presence of the N-tenninal amino group 
does not interfere with the reaction occurring on the lysine amino groups. 

An additional advantage associated with the use of guanidination in peptide 
sequencing stems fi:om the predictable addition of a guanidino moiety into the peptide 
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Structure. Selective modification, of the €-lysine amino group produces a shift of 42 Da 
which affects solely ions with the proton located at C-tenninns (x,y^). Conq)arison of flie 
ion signals deriving firom the two product ion spectra enables assessment of the type of ion 
encountered. 

Figure 3 shows a scheme for quantifying differential protein expression. Two 
protein mixtures 10, 12 which represent different cell states are treated with chemically 
identical, isotopically different binding reagents 14, 16. Thus, a first protein mixture 10 
may be treated with an isotopically light" reagent 14, and a second protein mixture 12 
may be treated with an isotopically ^'heavy" reagent 1 6. Guandination produces a mixture 
of homoaiginine derivatives 1 8, which, by virtue of the binding reagents utilised, is ^^light" 
and a mixture of homoarginine derivatives 20 which, by virtue of the binding reagents 
utilised, is "*heavy" . The mixtures 18, 20 are combined, and proteins (including those 
forming part of the homoarginine derivatives) are digested to peptides using techniques 
which are well known in the art The homoarginiQe derivatives (now comprising peptides) 
are isolated using a sq)aration technique commrasurate with the nature of the afBnity 
label, such as a chromatographic technique. The isolated homoarginine derivatives are 
then separated and analysed using a chromatographic technique such as liquid 
chromatography and mass spectrometry (LC-MS). Micro / nano capillary liquid 
chromatography (iLC) can be used. 

Identical peptides emanating fiom the mixtures 1 0, 12 give rise to chemically 
identical homoaiginine derivatives which more or less coehite jfrom the LC. However, due 
to the '*light" and ^^heavy" nature of the binding reagents, these homoarginine derivatives 
have different molecular masses which are identifiable in the mass spectrum at different 
values of mass-to-charge ratio. Thus, relative quantification of protein expression is 
possible by coniparing the relative abundances of the ion peaks corresponding to the 
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^^light" and ''heavy'' homoargizune derivatives. MS/MS analysis of the ehxtants provides 
sequence information which enables identification of the protein tbrough conxputer 
searching of the ejq)erimentally obtained sequence infonnation against databases, Fnrflier 
details of suitable analysis schCTies can be found in WO 00/1 1208 and Gygi et al. It is also 
possible to perform identification of proteins and peptides using MS/MS without 
determining relative protein expressions, in which instance isotopic variants of the binding 
reagents are not required. 

Isotopic variants of a binding reagent can be prepared by incorporating 
different isotopes into the linker moiety, such as is generally described in WO 00/1 1208 
and Gygi et ah One scheme mvolves deuteration of a hydrogen containing backbone. 
Additionally, or alternatively, it is possible to utilise at one or both of the N positions 
in the isourea moiety. 

In place of chromatographic isolation and separation, it may be possible to 
utilise other c^ture techniques in order to separate the homoargroine derivatives fcom the 
original sample. For example, the afSnity label rrught be attached to a solid surface or a 
matrix. Li a related embodiment, the binding reagent may be linked to a solid support or 
to a matrix such as shown in Figure 4. In such a scheme, it is possible to move proteins 
present in the sample which do not react with the binding reagent in a washing procedure. 
After attachment to a solid support, proteins can be digested in situ with a proteolytic 
enzyme and analysed directiy, such as by mass spectrometry. The reaction scheme is 
amenable to automation. 

Li further enibodiments of the invention, calibrations are performed using 
samples containing known concentrations of proteins, in order to obtain a quantitative 
relationship between peptide signal obtained during analysis and the absolute amount of 
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protein present in the sanq)Ie. 

The following synthetic path can be used to synthesise binding reagents. 
Preparation of biQtm-2.:^,5.6-tBtraflTiftr ophenyl ester 

The method is described at page 43 of WO 00/1 1208, synthesis number 2 displayed at page 
83, using 2 as a residue. 

Synthesis and preparation of 0.5M '^N and ^ Q-methyl isanrea solutinn 

The method described is a modification of a procedure by Burgoyne et al to 
synthesise a similar compound (Burgoyne, D L, J Org Oiem. 2000, 65, 152-155). A 
solution of 60 mg (Immol) (or urea (Aldrich, Milwaukee, WI) in 95 (126 mg, 
Immol) of dimethyl sulfate (Aldrich, Milwaukee, WI) was heated and agitated at 50"C for 
5 hours. 250 of acetone was added and the solution was stirred for 1 hour. 1 mL of 
diethylether (Aldrich, Milwaukee, WQ was th^ added and the resulting mixture was 
stirred. The top layer was discarded and liie addition of diethylether was twice repeated 
to afford ~60mg (-100 jiL) of 0-methyl isourea hemisulfate salt (-0.5 mmol, 49% yield). 
The product was dissolved in 900 of water to give a ~0.5M solution. 

Reaction between biotin-2.3.S.6 - tetrafluorophenvl ester and Q-methvl isftUTea 

The reaction is shown in Figure 5. Biotin-23,5,6-Tetrafhioroplienyl ester 4 
is reacted with O-methyl isourea 5 to produce a binding reagent 6 through reaction of the 
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primaiy amine on 5 wifh the ester moiety on 4. 

The biotin containing binding reagent 6 is conveniently used in conjunction 
with avidin afSnity chromatographic techniques. 

Synthesis of Q-methvl isourea addnct of biotin 

A suspension of biotin (244 mg, 1 mmol), 0-methyl isourea sulfate (123 mg, 
1 mmol) and EDC (384 mg, 2 mmol) in diisopropylefhylamine (0.18 ml,l mmol) and DMF 
(19 ml) was stirred overnight The reaction mixture was then evaporated using a rotary 
evaporator with a bath ten^erature of 40^C and a high--vacuum pump. Affcer evaporation, 
methanol was added and a solution formed This material was subjected to a silica gel 
column chromatography ming 10% methanol in DCM as eluent The pzoduct etuted from 
the colTmm very slowly. A small amount of product was isolated whose NMR spectrum 
(in both d4 methanol and d6 DMSO) is consistent with the desired product although some 
infinity peaks are visible* An attempt was made to further purify this product by 
recrystallisation fiom methanol. The product was previously soluble in methanol but upon 
addition of methanol and wammig a portion of the noaterial remained insoluble; the 
NMR spectrum of this material in d6 DMSO shows it to be the biotin adduct of the urea 
(Figure 10, compound B). 

Formation of O-methyl isourea hvdrogensulfate 

Urea (20 g, 0,33 mol) was added portionwise over one hotff to a stirred, 
solution of dimethyl sulfate (30,1 ml, 0.33 mol) at 110 - 115**C. After stining for two 
hours at 1 10** C, the reaction was cooled to room temperature. Concentrated sulfuric acid 
(1 8.5 ml, 0.33 mol) was cautiously dissolved in ether (171 ml) with cooling. This wias then 
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added to Ihe oil of the reaction along with acetone (171 ml). 
Svntiiesis of N-acetvl-Q.methyl ismirea addnct 

A suspension of flie O-methyl isourea sulfete (1.23 g, 10 nmol) in acetic anhydride (20 ml) 
and pyridine (2,4 ml, 30 mmol) was stirred overnight at 30*'C wider Nj. The volatiles were 
then evaporated and methanol was added. A white solid was. adfy partially soluble and was 
removed by filtration and analysed. 

Formatiop of labelled Q-metbyl isourea bydrogensulfate 

Urea labelled) (4g, 0.064 mol) was added portionwise over IS minutes 
to a stirred solution of dimethyl sul&te (S.8 ml, 0.065 mol) at 114 - 1 15°Q After stirring 
for 1.5 hours at 110- 1 1S°C, the reaction was cooled to room temp erature. Ckmcentrated 
sul&ric acid (3.6 ml, 0.064 mol) was cautiously dissolved in ether (33 ml) with coohng, 
and this was then added to the oil of the reaction along with acetone (33 ml). 

Fonnation of labelled Q-methvl is ourea sulfate 

An opaque solution of barium hydroxide monohydrate (1 .94 g, 0.0 1 mol) in 
water (10.6 ml) at 60''C was added to a stitred cooled solution of ^^N^ labelled O-methyl 
isourea sulfate (3 .52 g, 0.021 mol) in water (~ 30 ml) and a mUky precipitate was fbrmed. 
This was centrifiiged at 2500 rpni for five minutes and the supernatant was decanted into 
another centrifuge tube and spun again at 2500 rpm for five minutes to ensure tiiat no solid 
material was presoit. The colourless solution was then decanted and evaporated to 
dryness. Acetone was added and the product crystallised to give the product as a white 
solid, yield 2.07 g (82%). Melting point 159.0 - 159.5 "C. 
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FQimatiQn of ^^N. labelled Ar-trideuterioacetvU^>Tnethv1i5;QTirea 

A suspension of labelled O-metfayl isourea sulfite (0.81 8 g, 6.5 mmol) 
in acetic anhydride 66 (13.1 ml, 139 nnnol) and pyridine (0.53 ml. 6.5 mmol) was stirred 
overnight at 27 ^C. The volatiles were then ev£5)orated at T < 30 '^C and co-evaporated with 
toluene. Aiihydroiis methanol (- 8 ixil) was added and the material swirled. A portion of 
the material did not dissolve and was filtered to give 0.392 g of a white powder which was 
identified as target compound. Ether was then added to the filtrate and a precipitate 
fpnned which was filtered, dried and then washed with anhydrous methanol (--4 ml) to 
give a fiirther 0.01 g of pure product. Total yield 0.400 g (5 1 %), 

Synthesis of Q-methvl isonrea addnct of valeric acid 

A suspension of valeric acid (0.22 ml, 2 mmol), 0-methyl isourea sul&te (246 
g, 2 mmol) and EDC (0.77 g, 4 mmol) in diisopropylethulamine (0.36 ml, 24 mmol) and 
DMF (20 ml) was stirred overnight The reaction mixture was then evaporated using a 
rotary evaporator with a bath temperature of 35*'C and a high-vacuum pump. After 
evaporation, the crude product was dissolved in a mixture of DCM, methanol and acetone 
and added to a silica gel cohmm containing DCM. The desired product eluted in the first 
three firactions and was feirly pure (as demonstrated by nmr spectroscopy). An attempt was 
made to re-purify this material by column chromatography (ehient = DCM/methanol) but 
no material corresponding to the product was isolated. 

The reaction was repeated on a larger scale: a suspension of valeric acid (0.44 
ml, 4 mmol), 0-methyl isourea sulfete (492 mg, 4 nunol) md EDC (1.53 g, 8 mmol) in 
diisopropyletiiylamine (0.72 ml, 4 mmol) and DMF (150 ml) was stirred overnight. The 
reaction mixture was then evaporated using a rotary evaporator wifli a bath teii5)erature of 
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35 and a high-vacuum pump. After evaporation^ dioxane was added and the reaction 
mixture was filtered, thus removing unreacted 0-methyi isourea sulfate. The dioxane 
soluble material was purified by silica gel column chromatography using dioxane as ehient 
The product was obtained as an off-white solid 0.27 g (42%) and was not as pure as the 
material previously isolated 

Exqmpte 1 . 

During analysis of peptide inixtures, many factors influence electrospray 
response. Selective suppression of ion signals hampers quantification of all conqponents 
obs^ed in the spectrum. An investigation was performed into the effect of the C-lraninal 
amino acid on electrospray ionisation (ESI) response of peptides. More specifically, the 
ionisation efficiency of lysine, arginine and homoarghune terminal peptides and the effect 
of limited modification in peptide structure on differences in ESI response were 
investigated. 

Methods 

Interleukin, VQGEESNDK (Sigma), AELDASR and AFLDASK wifli purity 
>96% (New England Peptide Tnc) were used in concentrations of 2-20 pmol/^L All 
experiments were performed on a single quadruple mass spectrometer LCMS-2010 
(Shimadzu, Japan) fitted with an electrospray source. Source conditions were maintained 
constant during the analysis. Data was acquired in selected ion monitoring mode (SIM) 
for a total of twelve selected ions. Components were separated on a Phenomenex Luna 
C,3 column (2*Qnmi id x 50mm). In gradient mode^ mobile phase corriposition was 0.05% 
' TFA (vAr) for the aqueous phase and acetonrtrile/water (9:1 v/v) incorporating 0.05% TFA 
(y/v) for the organic phase. LClOADVp HPLC pumps (Shimadzu, Japan) were used to 
deliver solvent at a flow rate of 250^iymin. 



wo 03/102592 




PCT/GB03/02420 



Essoin 

Completeness of guandination reaction. 

In order to verify the absence of starting material, lysine containing peptides 
treated with methyl isourea were loaded onto a cotmnn and subjected to liquid 
chromatography prior to £S analysis. The separation has two advantages: first, it removes 
the excess of O-mefhyl isourea which interferes negatively with the ionisation process. 
Second, all coir5)onents in the reaction mixture are resolved and eluted separately into the 
mass spectrometer. Subsequent detection by ES/MS allows con^arison and quantification 
of the relative intensities of lysine and its homoarginine terminal counterpart. Figure 6 
illustrates LC/ES-MS analysis of lysine terminal standard peptides treated with methyl 
isourea. Selected ion monitoring (SIM) on four specific matker-ions corresponding to the 
singly and doubly charged ions of lysine and homarginine terminal peptides was used to 
monitor whether peaks in the total ion chromatogram contain lysine terminal peptides. 

These results demonstrate that the guanidation procedure is quantitative. 

LC-MS analysis of mixtures containing lysine and arginine terminal peptides. 

The completexiess of guandination allows preparation of homoarginine 
terminal peptide solutions with known concentrations. Binary mixtures containing the 
same quantity of lysine terminal peptide and its analogous homoarginine terminal 
coimterpart were prepared and a conq>arison between the two ion signals is performed. 
Figure 7a shows an MS chromatogram of 20 pmole of interleuldn vnih its guanidinated 
analogue during LC separation followed by ES. The conditions employed during the 
chromatographic separation (coii5)Osition of mobile phases, gradient profile, etc) were kept 
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identical to those used in tiie previous experiment (see Figure 6). Total ion chicmatogram 
(TIC) traces of homoaiginine terminal peptides (corr^ponding to the sum of the singly and 
doubly charged ion signals) have higher relative intensity than Is^sine tenninal ones. The 
main contribution is due to the relative £S response of the doubly charged ion peaks. This 
observation is also made with an equimolar mixture of AFLDASK with its guanidinated 
counterpart AFLDASK* (Figure 7B). 

LS-MS analysis of a mixture containing AFLDASK, AFLDASR and its 
homoarginine teraiinal counterpart AFLDASK*. 

To investigate how minor variations in peptide structure may affect signal 
intensity, the arginine terminal analogue AFLDASR was added to the mixture. Figure 8 
indicates the ion chromatograms of a solution containing 31.5 pmole each of AFLDASK, 
AFLDASR and the homoarginine tenninal derivative AFLDASK* separated by LC prior 
to MS detection. The arginine terminal peptide displays an ion chromatogram with 
intensity higher than the corresponding AFLDASK in accordance with the higher basicity 
of the arginine. By comparing the two sets of p^tide ions produced by AFLDASR and 
AFLDASK*, the latter one generally displays ion signals wifli higher intensity. Unlike the 

lysine and arginine/ homoarginine terminal peptides (AFLDASK vs 
AFLDASR/AFLDASK*) where the difference in ionisation efficiency can be related to 
the higher stabilisation of the protenated peptide, in the case of the AFLDASK and 
AFLDASK* the difference in ES response cannot be sinxply related to the effect of the 
guanidino groizp as both are identical. The difference can be attributed to the increased 
level of proton solvation provided by ttie extra methylene group in the peptide backbone. 

Effect of isocratic separation on ESI response of AFLDASK, AFLDASR and AFLDASK* 
peptide ions. 
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The effect of co-elution of three peptides ob tiieir ESI response was studied The mixture 
previously analysed (see Figure 8) was run isocratically. The mobile phase was prepared 
with the same composition nsed to elute AFLDASR, AFLDASK and AFLD ASK* in the 
gradient noode. Hence, no separation is achieved and all three peptide dute simultaneously 
into the mass spectrometer. None of the ion signals in the MS chromatogram are 
suppressed compared with 'die ion signals observed in the LC-MS experiment (see Figure 
8), The co-presence of three peptides different in gas/phase basicity shows no efifect on 
their ESI response. Figure 9 displays MS chromatograms of AFLDASK, AFLDASR and 
AFLDASK* for singly and doubly charged protonated ions. 

Conclusions 

The completeness of the conversion of lysine into homoarginine enables 
quantitative evaluation of how C-tenninus modification affects ESI response. Guanidation 
produces variation in either gas phase basicity (between lysine and homoarginine) or in 
peptide structure (between arginine and homoarginine) resulting in an enhanced signal 
intensity for the guanidinated peptide. Co-elution and concomitant ionisation of all three 
peptides shows no effect on the relative ESI responses. 

B?camplp 2 
Target Molecules 

Figure 10 shows the structures of the biotin derivative (Target A), l-acetyl-2- 
methyl isourea (AMIU) (Target B), and the heavy isotopic ^s^ant of l-acetyl-2-methyl 
isourea contaming N^^ and C" (Target C). Figure 10 also shows Target D which is a heavy 
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isotopic variant of l-aceiyl-2 methyl isourea incoiporating deutarium instead of C^, and 
a valeric acid derivative (Target E). 

Reactivity between teggts (A, P) ffl<^ lysmg t^mml pgptii<je 

The reactions between the newly synthesised compounds, A3 ^d a standard 
peptide (AFLDASK) were tested by using 100 pmole of peptide. Experiments were 
performed to assess the reactivity of Target A (Figmre 11) and Target B (Figure 12) with 
lysine terminal peptides, MALDI analysis was used to evaluate the purity of these 
compounds. Only one ion signal corresponding to the derivatised peptide is present in the 
MALDI spectrum. From the analysis performed, it can be assmned that the reaction is 
quantitative and no starting material is left in tiie reaction mixture. Additionally, the 
presence of jnst one main ion peak in each spectrum rules out the possibility of the 
multiple derivatisation due to the amiao group at N-terminus. 

MS/MS analysis of the derivatised AFLDASK 

Since the N-tenninal amino groiip could interfere with the reaction, tandem 
mass spectrometric analysis was conducted on the derivatised ions. The product ion spectra 
were found to demonstrate that the y ions are affected by a shift due to the reaction 
occurring between the lysine amino group and the reagent No evidence of coupling on N- 
terminus was found MS/MS analysis was performed by exploiting the natural 
decomposition of the ions in the free-field region of the time^f-flight instruments ^SD). 
Figure 13 shows the MS/MS spectrum of the derivatised AFLDASK with Target A, y ions 
dominate the spectrum and are shifted by 268 amu. Similarly the product ion spectrum of 
the reaction between AFLDASK and AMIU illustrates a similar trraid (Figmre 14). Figure 
15 illustrates the jBragmentation pattern of the underivatised AFDDASK. 
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Figure 16 displays the spectra of AFLDASK labelled with Target B (lower 
spectrum) and Target D (upper spectrum). As e^rpected the differraice in mass between fiie 
two peptide ions is 5 Daltons. 
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CLAIMS 

1. A method for selectively binding micromolecules having a lysine 

functionality compiising the steps of : 

providing a sample contaming one or more species of macromolecules, each 

having a lysine functionality; 

providing a blading reagent having the fonimla 

X.NH-C(=NH).OR 

or 

X-L-NH-C(=NH)-OR 

where X is an affinity label that selectively binds to a capture reagent, R is 
a residue group, and L is a linker moiety; 

introducing the binding reagent to die sample so as to effect a guanidination 
reaction between the binding reagent and said one or more species of 
macromolecules, thereby producing one or more affinity label containing 
homoarginine derivatives; 

optionally modifying the affinity label containing homoarginine derivatives 
to produce further affinity label containing homoarginiae derivatives; and 
capturing a£5nity label containing homoarginine derivatives using the c^ture 
reagent that selectively binds X. 



2. A method for analysing one or more proteins, protein functions and/or 

peptides in one or more samples comprising the steps of: 

providing a binding reagent having the formula 
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X-NH-C(=>IH).OR 

or 

X.L.NH.C(=NH)-OR 

where X is an afSnily label that selectively binds to a capture reagent^ R is 
a residue group, and L is a linker moietj^ 

iatroducing the binding reagent to the one or more samples so as to effect a 
guanidination reaction between the binding reagent and proteins and/or 
peptides having a lysine ftmctionaUty» thereby pKKlucing one or 
label containing homoarginine derivatives; 

qptionally modifying the afBnity label containing homoarginine derivatives 
to produce further afi&iity label containing homoarginine derivatives; 
capturing affimty label containing homoarginine derivatives using the capture 
reagent that selectively binds X; and 

peifonning an analysis of affinity label containing homoarginine derivatives. 

3* A method according to claim 2, in which Ihe step of modifying the 

homoarginine derivatives comprises converting proteins present into peptides. 

4. A method according to claim 2 or claim 3, in which the proteins, protein 
functions and/or peptides are identified by the analysis of the affinity label containing 
homoarginine derivatives. 

5. A metiiod according to claim A, in which the analysis comprises the step of 
comparing data generated by an analytical technique with sequence databases. 



6. A method according to claim 2, in which relative expression levels of proteins 
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in two or more samples CQntaining proteins are detemmed coir5>rising the steps of: 
providing a series of binding reagents txa^nng the fonm 

X-NH.C(«NH)-OR 

or 

X-L.NH.C(=NH)-OR 

where X is an afSnity label that selectively binds to a capture reagent, R is 
a residue group, and L is a linker moiety, and wherein the chemical fomiulae 
of the binding reagents in the series are identical but each binding reagent in 
the series conoprises a different combination of isotopes so that binding 
reagents in the series are isotopically labelled by way of the molecular mass 
of eachbhiding reagent in the series being dififerent to the molecidar masses 
of the other binding reagents in the series; 

introducing a different binding reagent firom the series to each sample so as 
to effect, in each sample, a guardination reaction between a binding reagent 
and moieties having a lysine functionality, thereby producing a plurality of 
isotopically labelled, affinity label containing homoarginine derivatives; 
combining the samples; 
optionally converting proteins into peptides; 

capturing a ffini ty label containing homoarginine derivatives using the c^ture 
reagent that selectively binds X; and 

performing an analyds of a£5nity label containing homoarginine derivatives 
in which the relative abxmdances of a subset of homoarginine derivatives 
which differ only by virtue of their isotopic labelling are measured, thereby 
determining the relative expression levels of the protein firom which the 
subset of homoarginine derivatives originated. 
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7. A mediod according to claim 6 in which the stq) of conve^ 

peptides conymses converting proteins present in the afGnity label containing 
homoarginine derivatives into peptides. 

8 . A method according to claim 6 or claim 7, in which proteins, protein function 
and/or peptides are identijSed by the analysis of the afGnity label containing homoaiginine 
dCTvatives. 

9. A method according to claim 8, in which the analysis comprises the step of 
comparing data generated by an analytical technique with sequence data. 

10. A method according to any one of claims 2 to 9, in which the analysis 
comprises mass spectrometric analysis. 

11- A method according to claim 1 0, in which the mass spectrometric analysis 

comprises tandem mass spectrometry. 

12. Amethodaccordingtoany one of claims 2 to 11, further conq)rism^ 

of releasing captured afOnily label containing homoarginine derivatives firom the capture 
reagent prior to tiie step of performing an analysis. 

13. A method according to claim 12 in which the capture reagent comprises part 
of a chromatographic separation system which separates chemically different affinity label 
containing homoarginine derivatives. 

14. A mediod according to claim 13 in which the chromatographic separation 
system utilises liquid chromatography. 
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15. A method according to claim 13 in which die diromatographic separation 
system utilises gas chromatogr^hy. 

16. A method according to claim 2 in which absolute quantification of the 
proteins and/or peptides is obtained. 

1 7. A me&od according to any previous claim in which R is an alkyl group. 

18. A method according to claim 1 7 in which R is CH3. 

19. A method according to any previous claim in whidi X is an alkyl group. 

20. A method accordmg to daim 19 in which X is CH3; 

21. A method according to claim 20 in which the binding agent is 
CH3CONHC(=NH)OCH3. 

22. A reagent for selectively binding molecules having a lysine functionality 
having tile formula 

X-NH-C(=NH)-OR 

or ^ 

X-L-NH.C(=NH)-6r 

where X is an affinity label that selectively binds to a capture reagent, R is 
a residue group, and L is a linker moiety. 
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23. A reagent accoidihg to claim 22, in which X is biotin or a modified biotin. 

24. A reagent according to claim 23 in which X is an alkyl group. 

25. A reagent according to claim 24 in which X is CHj. 

26. A reagent according to any ofclaims 22 to 25, in whi^R is an alkyl group. 

27. A reagent according to claim 26 in which R is CH3. 
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